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Fluorine-containing copolymers. 







@ A fluorine-containing copolymer comprising mono- ■> 
merle units of 

(a) from 95.8 to 80% by weight of tetrafluoro- 
ethylene. . : - 

(b) from 4 to 14% by weight of hexaflupropropene, 

and 

(c) from 0.2 to 6% by weight of perfluorovlnyl ether 
of the formula: 

cf, - * 

^ CF 2 =CF-{0-CF 2 -CR n -C^-(CF J ) m CF3 . . CD 

wherein n is an integer of 1 to 4, and m is an integer 
(M of 0 to 3, and having excellent stress crack resistance. 
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FLUORINE -CONTAINING COPOLYMER 

This invention relates to a fluorine-containing 
copolymer. More particularly , it relates to a fluorine- 
containing copolymer comprising units of tetraf luoroethylene 
(hereinafter referred to as "TFE") , hexaf luoropropene 
(hereinafter referred to as " RFP" ) and a certain specific 
perf luorovinyl ether. 

It is known that a copolymer of TFE and HFP 
(hereinafter referred to .as n FEP copolymer") is melt- 
extrudable. (cf . "U.S. Patent Nos. 2,549,935 and 2,598 ,283) . 
FEP copolymer has excellent heat resistance, weather resist- 
ance and chemical resistance but is inferior in stress crack 
resistance. In. order to improve the inferior stress crack 
resistance of FEP copolymer , its melt viscosity should be 
made high.. However, such high melt viscosity results in 
deteriorated melt' moldability ; 

For overcoming the above drawbacks of FEP copolymer, 
incorporation of a perf luoroalkyl vinyl ether of the formula: 

CF =CF-0-(CF-) -CF 0 ; 

I 2 n r - 3 

wherein n is an integer of 1 or 2 as the third monomericr / 
component therein has been proposed (cf. Japanese Patent 
Publication No. 45084/1980). However, this;third monomeric 
component is expensive. Further , a relatively large amount . 
of such component is needed to attain the improving effect. 

Incorporation, of some other perf luorovinyl ethers 
as the third monomeric component into FEP copolymer has also' 
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been proposed in Japanese Patent Publication (unexamined) 
"No. 29389/1978 . However f the same disadvantages as above 
can not be avoided. 

As a result of the extensive study to improve the 
drawbacks of* FEP copolymer, it has now been found that 
copolymerization of a specific perf luorovinyl ether as the 
third monomeric component with TFE and HFP affords a fluorine- 
containing copolymer which has good stress crack resistance 
and moldability. 

According to the present invention , there is 
provided a fluorine-containing copolymer comprising monomeric 
units of 

(a) from 95.8 to 80 % by weight of tetrafluoro- 

ethylene , 

(b) from 4 to 14 % by weight of hexaf luoropropene, 

and 

(c) from 0.2 to 6 % by weight of perf luorovinyl 
ether of the formula: 




CF o =CF-(0-CFa-CF) -0-(CF n ) CF- (I) 
wherein n is an integer of 1 to 4, and m is an integer of 0 
to 3. 

An article molded from the copolymer of the 

invention has excellent stress crack resistance. For 

example, FEP copolymer having a melt viscosity of lower than 
4 

4 x 10 poise shows only deteriorated stress crack resistance. 
To the contrary, the copolymer of the invention shows good 



- 3 - 



0075312 



stress crack resistance even when the melt viscosity is 
4 

about 4 x 10 poise. 

The perf luorovinyl ether (I) is known and described, 
for example, in Japanese Patent Publication No. 21228/1964. 
A copolymer of the perf luorovinyl ether (I) and any other 
fluoroolefin is described in Japanese Patent Publication No. 
18340/1967. However, the copolymer of the invention and its 
characteristics has not been known. 

The perf luorovinyl ether (I) may be easily prepared 
by, the process as described in Japanese. Patent Publication 
No. 21228/1964. Advantageausly , its production cost is 
relatively low. 

\ For the production of the copolymer of the inven- ./ 
tion, various conventional polymerization methods and condi- 
tions can be adopted. Any of bulk polymerization, solution 
polymerization, suspension polymerization and emulsion 
polymerization may be employed. Polymerization is generally 
. initiated by the presence of a polymerization initiator in 
the reaction system. Any initiator that does not deteriorate 
thermal properties of the resulting copolymer can be employed. ■ 
For- example,, highly :Eluorinated peroxides of the formula: 

> . ; : (r£coo) - 2 . : • ; 

wherein Rf is perf luoroalkyl co-hydroperf luoroalkyl or 
perchlorof luoroalkyl are preferably used. 

In order to facilitate the contact between the 
monomers, a reaction medium can be used. Specific examples 
of the medium are halogenated hydrocarbons (e.g. 1,1,2- 
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trichloro-1 , 2 , 2-tr if luoroethane , 1 , 2-dichloro-l ,1,2,2- 
tetraf luoroethane , trichlorof luorome thane, dichlorodif luoro- 
methane, perf luorocyclobutane , HFP dimer, etc.) , water, etc. 

The copolymerization is preferably effected in the . 
presence of a chain transfer agent which is used in conven- 
tional radical polymerization. Specific examples, of the 
chain transfer agent are isoparaffin, carbon tetrachloride, 
diethyl malonate, mercaptan, diethyl ether, alcohols, etc. 

If necessary, a polymerization stabilizer (e.g. 
methyl cellulose, polyvinyl alcohol), a pH adjuster (e.g. a., 
phosphoric acid - phosphate buffer, a boric acid - borate 
buffer) may be added to the polymerization system. : 

. Other reaction conditions such as the reaction 
temperature and the reaction pressure are not critical and 
may be the same as employed in the conventional copolymeri- 
.zation of THF and HFP. Generally, the reaction temperature ■" 
may be from 10 to 50°C, preferably from 20 to 40°C r and more 
preferably a temperature around room temperature. The 
reaction pressure may be from 5 to 25 Kg/cm 2 G, usually an 
autogenic pressure of the monomers. 

The composition of the monomeric unit in the 
copolymer is usually 95.8 - 80 % by weight of TFE, 4-14 %- 
"by weight of HFP and 0.2 - 6 % by weight of the perfluoro- 
vinyl ether (I) , preferably 94.5 - 83 % by weight 
of TFE, 5 - 13 % by weight of HFP and 0.5 - 4 % by weight of 
the perfluorovinyl ether (I) . When the content of the 
perfluorovinyl ether (I) is less than 0.2 % by weight, the 



\ 
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drawbacks of FEP copolymer, especially poor stress crack 
resistance, are not desirably improved. When the content of 
the perf luorovinyl ether (I) is more than 6 % by weight, the 
melting point of the copolymer is greatly lowered. 

The present invention will be hereinafter explained - 
in detail by the following Examples, wherein % and part are .. 
by weight unless otherwise indicated* 
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Characteristics and physical properties of the 
polymers obtained in Examples are measured as follows: 
(a) Composition of copolymer 

Contents of perf luorovinyl ether (I) and HFP are 
determined by measuring infrared spectrum of a film of 0.05 
+ 0.01 mm or 0.10 +.0.01 mm in* thickness which is formed at 
350°C by means of a infrared spectrophotometer (IR-440 made 
by Shimadzu) . " 

Characteristic absorption for perf luorovinyl ether 
(I) in the copolymer is found at 998 cm -1 and 1340 cm"" 1 . 
However, the absorption at 998 cm" 1 overlaps the character- 
istic-absorption at 980 cm" 1 for HFP. Therefore, the 
content^ of perf luorovinyl ether (I) wherein n is 1 (herein- . 
after referred to as "n-lVE") is calculated from the absorb- 
ance at 1340 cm" 1 and that at 2350 cm" 1 measured on the film 
of 0.10 + 0.01 mm in thickness according to the following 
equation: 

n-lVE content (%) = 2.4 x D;L34Q cm 1 

D 2350 cm" 1 

wherein D 1340 ^-lis the absorbance at 1340 cm" 1 and 

D 2350 cm" 1 is that at 2350 cm" 1 . 

The content of HFP is calculated from the absorb- 
ance at 980 cm" 1 according to the following equation in 
which the content of n-lVE is corrected: 

HFP content (%) 



= 3.2 



0980 Cm - - 0.25 x n-lVE content (%) 
V D 2350 cm" 1 



(film thickness of 0.05 + 0.01 mm) 
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Each content of CF 2 =CF-0-CF 2 CF 2 CF 3 (hereinafter 
referred to as "n-OVE" ) - and HFP in TFE/HFP/n-OVE copolymer 
is calculated in the same manner as in the case of 
THF/HFP/n-lVE copolymer according to the following equations 
respectively: 

- n-OVE content (%) = 3.75 x 1340 Cm — 
• n -1 

u 2350 cm 

(film thickness, of 0.10 + 0.01 mm) 

HFP content (%) 
/ 

980 cm 0,13 x n-lVE content (%) 

-- -1 - ■ - ■ 



= 3.2 



v 2350 cm 



(film thickness of 0.05 + 0.01 mm) 

(b) Specific melt viscosity , 
■ "■ '- A Koka-type flow tester is used. A copolymer is 

charged in a cylinder- of 9.5 mm in inner diameter and kept * 
at 380 °C for 5 minutes". Then, the copolymer is extruded 
froni an orifice of 2.1 mm in inner diameter and 8 mm in 
length under piston load of .5 Kg. Specific melt viscosity 
is calculated by. dividing 53150 by the .extrusion rate 
( g /minute ) . - - *■ 

"J- (c) Melting point . _ 

Perkin-Elmer DSC II type is used. . A copolymer is 
--heated from a . room" temperature at "a rate, of 10°C/minute, and 
the peak value of the melting curve is assigned to a melting 
point. 

Example 1 

In a glass made autoclave equipped with a stirrer, 
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which can contain 1000 parts of water, demineralized and 
deaerated pure water (260 parts) was charged. The interior 
was replaced thoroughly with pure nitrogen and evacuated. 
Thereafter, n-lVE (10 parts) was injected, followed by HFP 
(260 parts) . The mixture in the autoclave was stirred at 
25 °C. Then, the autoclave was pressurized with THF. to 
8.5 Kg/cm 2 G. As soon as di {^-hydrododecaf luoroheptanoyl) per- 
oxide (hereinafter referred to as "DHP") (0*57 part) was 
injected, the reaction was initiated. During the reaction 
period, TFE was injected to increase the pressure to from 
8.0. to 8.5 Kg/cm 2 G as the pressure dropped. 

After 50 minutes of the reaction, methanol (3.5 
parts) as a chain transfer agent was added to control 1 
molecular weight of the copolymer. After 5 hours from the 
reaction initiation, DHP (0.29 part) was added. After the 
reaction was continued for 10.8 hours, unreacted monomers 
and polymer particles were recovered. The particles were 
washed with water by means of a mixer and dried at"120°C for 
2.4 hours to obtain the copolymer (88 parts) . Composition of . 
the copolymer: HFP, 12.8 %; .n-lVE, 1.5 %. M.P. 265°C. -.. 
Specific melt viscosity 2,1 x 10 poise. 

Example 2 

In the same manner as in Example 1 but using 4 
parts of n-lVE and 17 parts of methanol and continuing the 
reaction for 8.5 hours, the reaction was effected to obtain 
the copolymer (62 parts). Composition of the copolymer: 
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HFP , 10.3 %? n-lVE, 0.7 %. M.P. 274°C. Specific melt 

4 

viscosity 2.4 x 10 poise. 
Example 3 

In a glass lined autoclave equipped with a stirrer, 
which can contain 30 parts of water, demineralized and 
deaerated water (10 parts) and sodium bicarbonate (0.01 
part) were charged. The interior was replaced thoroughly 
with pure nitrogen gas and evacuated. Thereafter , - n-lVE 
(0.36 part) was injected, followed by HFP (10 parts') . The 
mixture in the autoclave was stirred at 24°C. Then, the 
autoclave was pressurized with THF to 8.4 Kg/cm 2 G. As soon 
as DHP (0.05 part) was injected, the reaction was initiated. 
During the reaction period, TFE was injected to maintain the 
pressure at 8 1 4 Kg/cm 2 G. . After 6 ,11 , 16,:21 and '26 hour's- 
from the reaction initiation, DHP (each 0.005 part) .was ' 
added. After 3, 8, 15 and 26 hours of the reaction, methanol 
(each 0.11 part) was added to control molecular weight of 
the copolymer. After the reaction is continued for 33 
hours, unreacted monomers and polymer particles were recovered 
The particles were washed with water by means of a mixer and_ 
dried at 120°C for 24 hours to obtain the copolymer (8.5 
parts) . Composition of the copolymer: HFP, .11.3 %; V n-1VE, 
2.0 %. M.P. 265°C. Specific melt viscosity 1.6 x 10 4 
poise. 

Example 4 

In the same manner as in Example 3 but adding DHP 
(0.03 part) to initiate the reaction and DHP (each. 0.003 
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part) after 6, 11 and 16 hours from the reaction initiation, 
adding methanol (each 0.1 part) after 2, 11 and 15 hours 
from the reaction initiation and continuing the reaction for 
23 hours, the reaction was effected to obtain the- polymer 
(4.3 parts). Composition of the copolymer: HFP , 11.2 %; 
n-lVE, 2.2 %. M.P. 269 °C. Specific melt viscosity 4.4 x 
10 poise. 

Example 5 

In the same manner as in Example 3 but adding DHP 

(0.03 part) to initiate the reaction and DHP (each 0.003 

part) after. 6,. 11, 16 and 21 hours from the reaction 

initiation, adding methanol (each 0.11 part) after 3 r 14 and 

22 hours . from the reaction initiation and continuing the 

reaction for 24 hours, the reaction was effected to obtain % - 

the copolymer (4.4 parts). Composition- of the copolymer: 

HFP, 10.7 %; n-lVE, 0.9 %. M.P. 265 °C. Specific melt 

4 

viscosity 5.5 x 10 poise. 
Example 6 

• • - ■ ■ 

In the same manner" as in Example 1 but using 

- - /, CF- ' , . ' - * - ' •'. -. 

CF 2 =CF-(0-CF 2 -CF) 2 -0-CF 2 CF 2 CF 3 (hereinafter referred to as 

■n-2VB") (10 parts) in place of n-lVE, adding 5.. 3 parts of 

methanol and continuing the reaction for 7 . 8 hours , the 

reaction was effected to obtain the copolymer (64.5 parts), 

M.P. 266°C. Specific melt viscosity 2.4 x 10 4 poise. 

Example 7 

In the same manner as in Example 1 but using 4 



- 11 - 



0075312 



parts of n-2VE and 5 . 3 parts of methanol and continuing the 

reaction for 8.5 hours, the reaction was effected to obtain 

the copolymer (71.3 parts) M.P. 268°C. Specific melt . 

4 

viscosity -2.1 x 10 poise. 

Comparative Examples 1 to 3 

In the same manner as in Example 1 but using no 
perfluorovinyl ether (I) (in Comparative Example 1) or using 
n-OVE in place of n-lVE , adding predetermined amount of 
methanol and continuing the reaciton for predetermined 
period, the reaction was effected to obtain the copolymer. 
The amount, the composition, melting point and specific melt 
viscosity _.of the copolymer are shown in Table 1. 
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Stress crack resistance of the thus obtain copoly- 
mers was tested by a severe test method as follows. 
Preparation of test piece 

The copolymer (35 g) was charged in a mold of 
80 mm in inner diameter, the bottom of which was covered 
with aluminum foil,. and covered with another aluminum foil 
to sandwich the copolymer with the foil. Then, the mold 
containing the copolymer was kept in a heating press at 
330°C and pressed under a pressure of 45 Kg/cm 2 for 2 
minutes. Immediately thereafter, the mold was cooled with 
water while pressing under a pressure of 50 Kg/cm 2 to obtain 
a sheet of 2 mm in thickness. The thus obtained sheet was 
stamped out to form a test piece of No. 1- dumbbell shape 
according to JIS (Japanese Industrial Standard) K 6301 . On 
the center line perpendicular to the long axis of the test 
piece, a notch of 5 mm in width and 0.4 mm in depth was 
made . * 

Stress crack resistance test / 
The thus prepared test piece was attached to 
chucks of a tensile machine (TOM-500, Shinko Tsushin 
Kabushikikaisha) , a' constant temperature bath of which Was'/ 
kept at~200°C. After 10 minutes, crossheads were moved at a 
rate of 5 mm/min. to reach stress of 8.9 Kg/cm 2 ., Under this 
condition, stress lowered by "stress relaxation was increased 
to 8.9 Kg/cm 2 every 8 minutes, and the period necessary to 
break the test piece was measured three times and averaged. 
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Following the above procedure, stress crack 
resistance of the polymers obtained in Example 2 and 
Comparative Examples 1 and 3 was measures. The results are 
shown in Table 2. 

Table 2 



Copolymer 


Breaking time (min.) 


Example 2 


60 


Comparative 
Example 1 


4 


Comparative 
Example 3 


10 



A test piece prepared from the. copolymer obtained 
in Example 1 or Comparative Example 2 was attached to the 
chucks. After 10 minutes, ;crossheads were moved at a rate ' 
of 5 mm/min. to reach stress of 29.4 Kg/cm 2 . Under this 
condition, stress lowered by stress relaxation was increased 
to 29.4 Kg/cm 2 every 8 minutes. The breaking time was shown 
in Table 3 . 

Table 3 - " 



Copolymer 


Breaking time (min.) 


Example 1 


47 


Comparative 
Example 2 


i 

i 34 



Examples 8 to 10 and Comparative Example 4 
Each copolymer obtained in. Examples 3 to 5 and 
Comparative Example 2 was shaped into pellets, each having a 
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diameter of about 3.0 mm and a length of about 3.0 mm and 
coated on a wire having a diameter of about 0.40 mm by means 
of an extruder for wire coating under the following 
conditions: 

Extruder for wire coating 

Diameter of cylinder :. 30 mm 

L/D of screw ' s ^2 

Compression ratio ■ ■_ .: . 2 .74 . 

Diameter of die tip ■"* mm x .7 mm 

Temperature in cylinder 

rear : 360°C .. 

middle : 390°C 
' ' front :- 400°C •■ '■['/ . 

Temperature in adaptor ' :. 400°C \ . .'• 
' [. ■■ " Temperature in .- die head- : : -410 °C. . . //' >• 

Temperature in die tip . : ;410°C 

Coated wire was produced with a drawdown ratio of 

about 100. Maximum coating rate and physical properties of 
the produced coated wire are shown in Table 4. 
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Table 4 





Copolymer 


Maximum 
coating 
rate 

(m/min. ) 


Thick- 
ness of 
coating 

(mm) 


Mechanical 
properties 


Tensile 

strength 

(Kg/mm 2 ) 


Elongaticr. 
(%) 


Example 8 


Example 5 


55 


0.15 


2.99 


428 | 


Example 9 


Example 4 


75 


0.18 


3.66 


501 | 


Example. 10 


Example 3 


200 


.0.16 


3.68 


556 


Compara- 
tive 

Example 4 


Compara- 
tive 

Example 2 


45 


0.15 


2.85 


i 

i 

i 

454 ; 
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What is claimed is: 

1. A fluorine-containing copolymer comprising 

monomeric units of 

(a) from 95.8 to 80 I by weight of tetrafluoro- 

ethylene, 

(b) from 4 to 14 % by weight of 
hexafluoropropene, and 

(c) from 0.2 to 6 % by weight of perf luorovinyl 

ether of the formula: 

CF 2 =CF-(0-CF 2 -CF) n -0-(CF 2 ) in CF 3 (D 
wherein n is an integer of 1 to 4, and m is an integer of 0 
to 3. 

2. The fluorine-containing copolymer according to 
claim 1 comprising monomeric units of from 94.5 to 83 % by 
weight of tetrafluoroethylene, from 5 to 13 % by weight of 
hexafluoropropene and from 0.5 to 4 % by weight of the . - 
perf luorovinyl ether (I) . 

3.. The fluorine-containing copolymer according to 
- claim 1 , wherein n in the formula (I) is 1 or 2. 



